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ELECTRONIC DEVICE HAVING TOUCH SENSOR 



BACKGROUND OF THE INVENTION 
Field of the Invention 
5 The present invention relates to an electronic device such 

as a robot toy, PDA, a cellular phone, and a video camera, and 
especially to an electronic device having a touch sensor that 
detects the approach or touch with one of a human body such as 
a hand and a finger. 
10 Description of the Related Art 

As the conventional technique of the electronic device 
having this kind of touch sensor, there exists the invention, for 
example, described in the patent article 1. 

The above patent article 1 discloses a robot toy with a 
15 cover which can be pushed down provided on the top surface of the 
head, and having a touch sensor or a tact switch in the bottom 
portion of this cover. 

In the robot toy described in the patent article 1 , a push 
of the cover sets the tact switch ON. Then, a mood counter counts 
20 up and down according to the presence of a pressure operation of 
the head and the manner of the pressure operation to be detected 
by the tact switch, and the feeling level is set based on the 
counter value of the mood counter. Feeling and mood of the toy 
can be expressed with voice, eye, and behavior while controlling 
25 the voice output means, feeling expression means, and operation 
means according to the feeling level. 
[Patent Article 1] 
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Japanese Unexamined Published Patent Application No. 
2002-66155 

SUMMARY OF THE INVENTION 
In the robot toy described in the above patent article 1 , 
5 however, there cause an increase in the number of the components 
forming the robot toy as well as an increase in the cost, because 
the mechanical tack switch, adopted as a touch sensor, requires 
a cover for improving its operational ability and hiding itself 
from the outside. 

10 Since this cover does not exist in the original animal as 

a model, it is defective in good sense of design. Further, in 
order to enrich the feeling expression of the robot toy, it is 
necessary to increase the number of the touch sensors! However, 
too many tact switches provided in the main body of the robot toy 

15 spoil the sense of design in the robot toy. 

The present invention is to solve the above conventional 
problems, and an object of the invention is to provide an 
electronic device having a touch sensor, without being exposed 
to the outside, capable of detecting the state when a human body 

20 approaches or touches the casing forming an appearance of the 
electronic device . 

According to the invention, in the electronic device having 
a touch sensor capable of detecting a human body approaching or 
touching its casing, the touch sensor comprises an electrode of 

25 a predetermined area provided in the inner portion of the casing 
at a distance from an outer surface of the casing and detecting 
means for detecting a change of capacitance from the electrode 
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when the human body approaches or touches the outer surface of 
the casing. 

Since the electronic device of the invention can install 
the main body of the touch sensor within the casing forming an 
5 appearance of the electronic device, the presence of the touch 
sensor can be hidden from the outside view. Since no projection 
or no discolored portion is formed on the surface of the casing 
of the electronic device, the degree of freedom in the design of 
the casing surface can be enhanced and the operational ability 

10 can be also enhanced. Accordingly, a robot toy, for example, in 
imitation of an animal can reproduce the original animal itself, 
and therefore, an animal-shaped robot toy of high reality can be 
provided. This, however, is not to prevent from forming any 
projection or discolored portion on the surface of the casing of 

15 the electronic device but whether the projection or discolored 
portion is provided or not depends on the design of the electronic 
device . 

In the above electronic device, the detecting means 
includes: clock signal generating means for generating a clock 

20 signal; delaying means for giving a delay in rising up the clock 
signal according to the capacitance detected by the electrode 
when the human body approaches or touches the outer surface of 
the casing; means for generating a signal depending on the amount 
of the delay, with the clock signal not passing through the 

25 delaying means defined as a reference; and A/D converting means 
for A/D converting a signal depending on the amount of the change. 

In the above means, the touch sensor can be simply formed 
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with the small number of components. Accordingly , the cost of 
the electronic device can be decreased. 

The detecting means detects a change of a facing area of 
the electrode and the human body. 
5 The detecting means detects an interval that the human body 

faces the electrode. 

It is provided with a plurality of the electrodes, each 
including the delaying means and the means for generating a signal 
depending on the amount of the delay of a signal passing through 
10 the corresponding delaying means, with a common clock signal as 
a reference. 

In the above means, even when the inner surface of the 
casing is complicated, the opposed electrode can be divided in 
small electrodes and the movement of a hand or a finger can be 

15 detected in the same way as in , the case where it is not divided 
into small ones. 

The electrodes are arranged along the shape of the outer 
surface of the casing so as to make each portion of the electrodes 
at equal distance from the outer surface of the casing. 

20 The electronic device of the invention is particularly 

useful when the casing forms an appearance of a toy and the outer 
surface of the casing corresponding to a portion provided with 
the electrode is defined as a touch portion with the human body. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows the head portion of a doll-shaped robot toy 
according to a first embodiment of the electronic device having 
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a touch sensor of the invention; Fig. 1A is a perspective view 
of the robot toy, and Fig. IB is a cross sectional view of the 
robot toy. ' 

Fig. 2 is a circuit constitutional view showing 'the 
5 concrete structure of the touch sensor. 

Fig. 3 shows the signals in the respective units of the 
circuit view of Fig. 2; Fig. 3A shows a clock signal entered into 
one input unit of an AND circuit, 3B shows an output signal entered 
into the other input unit of the AND circuit from signal delaying 
10 means, 3C shows an output signal of the AND circuit (AND) , and 
3D shows an output signal of smoothing means. 

Fig. 4 is a plane view showing the head portion of the robot 
toy according to a second embodiment of a touch sensor. 

Fig. 5 is a circuit constitutional view in the case of 
15 providing with a plurality of touch sensors. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Fig. . 1 shows a head portion of a doll-shaped robot toy as 
a first embodiment of the electronic device having a touch sensor 

20 according to the present invention; Fig. 1A is a perspective view 
of the robot toy and Fig. IB is a cross sectional view of the robot 
toy. Fig. 2 is a view of a circuit structure showing the concrete 
structure of the touch sensor. Fig. 3 shows signals in respective 
units of the circuit of Fig. 2; Fig. 3A shows a clock signal 

25 entered into one input unit of the AND circuit, 3B shows an output 
signal entered into the other input unit of the AND circuit from 
the signal delaying means, 3C shows an output signal of the AND 
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circuit, and 3D shows an output signal of the smoothing means. 
The solid line shows the case where the capacitance C is large, 
and the dotted line shows the case where the capacitance C is 
small. 

As shown in Fig. 1A and Fig. IB , a robot toy 2 that is one 
example of the electronic device of the invention is provided with 
a touch sensor 1 in the head portion. The touch sensor 1 has an 
opposed electrode 3 of a predetermined area and the opposed 
electrode 3 is fixed to the inner surface of a casing 2A forming 
the appearance of the robot toy 2. The opposed electrode 3 is 
formed by a conductive metal plate such as a copper sheet plate 
and provided along the inner surface of the casing 2A of the head 
portion in a little wider area in Fig. 1. It is preferable that 
the opposed electrode 3 is formed in an extremely thin film and 
in this case, the opposed electrode 3 can be assuredly fixed to 
the inner surface of the casing 2A correspondingly to the 
variously curved shape of the casing 2A. 

It is preferable that the casing 2A is made of a material 
of high dielectric constant e , other than a metal, and for 
example, made of synthetic resin such as plastic. 

The electronic device includes, for example, a human- 
shaped or an animal-shaped robot toy, PDA (Personal Digital 
Assistants) , a cellular phone, and a video camera. In the first 
embodiment, the touch sensor 1 may be installed at any position: 
at a front head, rear head, face, back, abdominal, arm, or leg 
portion of the robot toy. It may be provided at only one position 
or it may be provided at a plurality of positions. 
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The opposed electrode 3 is not exposed to the outside of 
the casing 2A and it cannot be seen from the outward. The opposed 
electrode 3 may be disposed at the inner portion of the casing 
2A with an interval from the outside of 'the casing 2A, and for 
5 example , the opposed electrode may be embedded into the casing 
2A so as not to appear on the outer surface. In either way, it 
is preferable that the opposed electrode 3 is arranged along the 
curved shape of the outer surface so as to keep each portion within 
the area at an equal distance from the outer surface of the casing 
10 2A. 

i 

The opposed electrode 3 forms one portion of the circuit 
shown in Fig. 2 and when one portion of a human body 4 such as 
a hand or a finger approaches or touches the surface of the casing 
2A facing the opposed electrode 3, the capacitance C is produced 

15 between the human body 4 and the opposed electrode 3. Namely , 
one portion of the human body 4 such as a hand or a finger works 
as an electrode producing the capacitance C between the opposed 
electrode 3 and itself. 

The capacitance C varies according to the facing area S or 

20 the facing distance d between the opposed electrode 3 and the 
human body 4 , and therefore, the opposed electrode 3 and the human 
body 4 form a variable capacity unit 5 in this embodiment. 

As shown in Fig. 2, the robot toy 2 includes clock signal 
generating means 6, signal delaying means 7, delay signal 

2 5 detecting means 8 , and detecting means for detecting the capacity 
variation . 

The clock signal generating means 6 is to supply regular 
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pulse signals of a predetermined frequency in series. The signal 
delaying means 7 is formed by the variable capacitance unit 5 and 
a resistance R connected between the variable capacitance unit 
5 and the clock signal generating means 6. The delay signal 
detecting means 8 is formed by the AND circuit 8A and the smoothing 
means 8B including a resistance and a condenser provided in the 
posterior to the AND circuit. A clock signal CK (a clock signal 
not passing through the signal delaying means 7) that is an output 
of the clock signal generating means 6 and the output passing 
through the signal delaying means 7 are received by input units 
8a and 8b of the AND circuit 8A and the output of the AND circuit 
8A is received by the smoothing means 8B. 

In the last stage of the detecting means, namely, in the 
posterior to the smoothing means 8B of the delay signal detecting 
means 8, A/D converting means 9 of 8 bits, for example, is 
connected. The A/D converting means 9 detects the output voltage 
Vo of the smoothing means 8B at a predetermined sampling cycle 
and supplies it as the digital outputs DO to D7 , hence to send 
them to a controller 10 provided within the robot toy 2. 

The controller 10 is mainly formed by a CPU, programmed to 
do a predetermined reaction operation corresponding to various 
information received from, for example, a visual sensor (CCD 
camera) , an audio-sensor (microphone) , an olfactory sensor (not 
illustrated), besides the touch sensor 1. As the reaction 
operation, for example, the eyes of the robot toy 2 are twinkled, 
a cry or a laugh is raised, or arms or legs are moved, by driving 
a motor or a solenoid, not illustrated, provided within the robot 
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toy 2. 

In the touch sensor 1, the capacitance C of the variable 
capacitance unit 5 varies when the human body 4 such as a hand 
or a finger approaches or touches the front head of the robot 'toy 
5 2. 

Here, the capacitance C of the variable capacitance unit 
5 can be shown by a general formula of Expression 1. 

[Expression 1] 
10 C=eS/d [F] 

Where, e is the dielectric constant of the casing, S is a 
facing area of the opposed electrode and the human body, and d 
is a facing distance between electrodes. The dielectric constant 

15 8 is constant. 

In the state where a clock signal CK having a predetermined 
frequency of the amplitude voltage Vcc as shown in Fig. 3A is 
supplied to the AND circuit 8A and the signal delaying means 7 
from the clock signal generating means 6 , when a person approaches 

20 or touches the front head portion of the robot toy 2 by the whole 
hand, for example, with a wider facing area S of the human body 
4 and the opposed electrode 3, the facing distance d becomes small 
and the facing area S becomes large, and accordingly the 
capacitance C of the variable capacitance unit 5 becomes larger 

25 according to the expression 1. Accordingly, since the time 
constant CR defined by the product of the resistance R and the 
capacitance C of the signal delaying means 7 becomes larger, the 
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output of the signal delaying means 7 turns to be a triangular 
wave-shaped signal Sa as shown by the solid line in Fig. 3B. The 
output of the AND circuit 8A (AND) turns to be a pulse waveform 
having a pulse width ta as shown by the solid line in Fig. 3c. 
5 The threshold SL of the H level and the L level in the AND circuit 
8A is defined as Vcc/2. 

While, when a person approaches or touches the front head 
portion of the robot toy 2 by the tip of a finger , for example, 
so as to make the facing area S small, since both the facing 

10 distance d and the facing area S become small, the capacitance 
C of the variable capacitance unit 5 becomes smaller according 
to the expression 1 than in the case of the wider facing area S. 
Accordingly, the time constant CR becomes smaller and the output 
of the signal delaying means 7 becomes the waveform Sb as shown 

15 by the dotted line in Fig. 3B . The output of the AND circuit 8A 
(AND) turns to be a pulse waveform having the pulse width tb, as 
shown by the dotted line in Fig. 3C. 

The pulse width ta in the case of the small capacitance C 
and the pulse width tb in the case of the large capacitance C 

20 satisfy the relationship ta<tb. As for the output voltage Vo 
supplied from the smoothing means 8B, the output voltage Vb in 
the case of the touch with the small facing area S (when the 
capacitance C is small) is greater than the output voltage Va 
(Va<Vb) in the case of the touch with the large facing area S (when 

25 the capacitance C is large) . 

The output voltages Va and Vb of the smoothing means 8B are 
converted into the digital outputs DO to D7 by the A/D converting 
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means 9 and sent to the controller 10. In the controller 10 , by 
monitoring the digital outputs DO to D7 , it is possible to judge 
the operation state given to the robot toy 2, that is, the touch 
with the whole hand or a finger tip. It is "also possible to detect 
the interval of the approach or touch with one portion of the human 
body, according to the temporal change of the digital outputs DO 
to D7. 

For example, when the controller 10 judges that the facing 
area S is small and the touching interval is short, it makes the 
robot toy 2 perform the reaction operation such as raising a cry, 
assuming that the front head of the robot toy 2 is hit. 

Thus, the controller 10 can detect the operation time 
performed on the front head, which means that the touch sensor 
has a switching ON/OFF function. For example, when the output 
voltage Vo shows a predetermined hour and more, the controller 
10 can run the built-in program, judging that a user tries to play 
with the robot toy 2. 

Further, when the human body 4 is moved along the front head 
in the vertical or horizontal direction, since the facing area 
S varies, the capacitance C of the variable capacitance unit 5 
is increased or decreased. At this time, since the output of the 
signal delaying meanis 7 is varied from the triangular wave-shaped 
signal Sa of the solid line to the waveform Sb of the dotted line 
in Fig. 3B or from the waveform Sb of the dotted line to the 
triangular wave-shaped signal Sa of the solid line, the pulse 
width of the pulse waveform shown in Fig. 3C is also increased 
or decreased. Accordingly since the output voltage Vo of the 



smoothing means 8B is varied in the increasing or decreasing 
direction, the controller 10 can detect the movement of the human 
body 4 , by detecting the temporal change of the digital outputs 
DO to D7 of the A/D converting means 9. In this case, the 
5 controller 10 can make the robot toy 2 perform the reaction 
operation such as raising a laugh, judging that the operation of 
stroking the head has been performed. 

In the first embodiment, although the opposed electrode 3 
is arranged in almost the whole area of the front head of the robot 

10 toy 2 that is the electronic device, the opposed electrode cannot 
be always arranged in this wide area. Depending on the shape of 
the electronic device, such a case may be assumed that it is 
difficult to arrange the opposed electrode 3 directly in the wide 
area because the inner surface of the casing 2A is too complicated 

15 to install the opposed electrode directly there or because the 
space is restricted owing to the necessity of installing the other 
unit on the surface of the electronic device. In this case, since 
the facing area S is decreased, the time constant CR becomes 
smaller and a desired waveform cannot be obtained, thereby 

20 deteriorating the detective accuracy of the touch sensor 1 . 
Therefore, a touch sensor capable of coping with this case will 
be described as a second embodiment. 

Fig. 4 is a plane view showing the head portion of a robot 
toy according to the second embodiment of a touch sensor, and Fig. 

25 5 is a circuit constitutional view in the case of providing with 
a plurality of touch sensors. 

As shown in Fig. 4, in the inner surface of the head portion 
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of the robot toy 2, a plurality of opposed electrodes 13 (each 
opposed electrode is individually shown as 13a, 13b, 13c , 13d, 
13e, and 13f ) are aligned on the same circumference with constant 
pitches. The total sum of the areas of the opposed electro'des 
5 13a, 13b, 13c, 13d, 13e, and 13f is set equal to the area of the 
opposed electrode 3 of the first embodiment or the more. When 
the opposed electrode 13 is divided into small portions, the 
individual areas of the opposed electrodes can be decreased. 
Therefore, even if the inner surface of the casing 2A is more or 

10 less complicated or even if the space on the surface of the 
electric device is restricted, the respective opposed electrodes 
13a to 13f can be arranged there. 

The opposed electrodes 13a, 13b, 13c, 13d, 13e, and 13f form 
one portion of the circuit shown in Fig. 5. The circuit shown 

15 in Fig. 5 is formed by aligning a plurality of the circuits shown 
in Fig. 2. Namely, the delay signal detecting means 8 (AND circuit 
8A and smoothing means 8B) and the A/D converting means 9 (each 
A/D converting means is shown as 9a, 9b, 9c, 9d, 9e, and 9f) are 
provided in each of the opposed electrodes 13a to 13f . However, 

20 the clock signal generating means 6 is only one. 

In the touch sensor shown in the robot toy according to the 
second embodiment, when the human body 4 approaches or touches 
one of the opposed electrodes 13a to 13f , the digital outputs DO 
to D7 as mentioned above are respectively supplied from the A/D 

25 converting means 9a to 9f corresponding to the above electrode. 

Accordingly, it is possible to detect the amount of the area 
of the human body 4 facing the robot, of the total areas of the 
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opposed electrodes 13a to 13f , by adding the digital outputs DO 
to D7 respectively supplied from the A/D converting means 9a to 
9f . In the case of shifting the human body 4 such as a hand or 
a finger in 'the vertical or horizontal direction while facing it 
5 with the head portion, it is possible to change the facing area 
S of the opposed electrode of 13a to 13f with time according to 
the movement of the human body 4. The controller 10 can assume 
the situation of the operation performed by the human body 4 on 
the head portion of the robot toy 2, by analyzing the situation 

10 of a change in the digital outputs DO to D7 of the respective A/D 
converting means 9a to 9f . 

For example, when the human body 4 such as a hand or a finger 
touching the head portion of the robot toy 2 is moved in the 
counterclockwise direction like the opposed electrodes 13a — > 13b 

15 — » 13c — » 13d — > 13e — » 13f — > 13a and so on, along the circumference 
. having the opposed electrodes 13, or contrary, in the clockwise 
direction, it is possible to change the capacitance C of each 
variable capacitance unit 5 of each signal delaying means 7 in 
the order according to the rotation direction. 

20 Accordingly, the controller 10 can detect a change in each 

capacitance C, by sequentially detecting the respective digital 
outputs DO to D7 of the respective A/D converting means 9a to 9f , 
and it can judge that the head portion of the robot toy 2 has been 
operated. Further, it is also possible to detect whether it has 

25 been operated in the clockwise direction or in the 
counterclockwise direction, according to the order of the varying 
capacitances C . 
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As mentioned above, the same function as that of the first 
embodiment can be achieved , by arranging the opposed electrodes 
of small area in the inner surface of the casing. 

The above can be constituted in that any obstacle such as 
5 projection does not appear in the head portion of the robot toy 
2. Accordingly , the movement of the human body 4 in the clockwise 
direction or in the counterclockwise direction is never disturbed 
by the obstacle, thereby improving the operational ability. 

In the above-mentioned second embodiment, although the 

10 description has been made in the case of arranging a plurality 
of opposed electrodes 13 on the same circumference, the invention 
is not restricted to this, but various arrangements such that they 
are disposed on a straight line at predetermined intervals or 
disposed along the S-shaped curve are possible. Therefore, the 

15 opposed electrodes of the touch sensor can be arranged, for 
example, in the back portion, the abdominal portion, the arm 
portion, or the leg portion of the robot toy 2. 

Further, it is also possible to provide the touch sensor 
1 in the electronic device, such as PDA, a cellular phone, and 

20 a video camera, other than the robot toy. In this case, the scroll 
operation and the menu operation on a display screen can be made 
according to the output of the touch sensor, in the PDA or the 
cellular phone, and the zoom operation of a camera can be made 
in the video camera. 

25 According to the invention as mentioned above, it is 

possible to hide the presence of the touch sensor provided within 
the electronic device from outside view. Accordingly, the sense 
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of design can be improved about the surface of the casing forming 
an appearance of the electronic device. 

Since the touch sensor can be simply formed by the small 
number of the components , the cost of the whole electronic device 
5 can be decreased. 

Since the opposed electrode is divided into small units and 
they can be arrangred in the inner surface of the casing, even when 
its shape is complicated or even when the space on the surface 
of the electronic device is restricted, it is possible to set the 
10 opposed electrodes there correspondingly. 
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